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.The present  paper  U J C U  i i ~ t  attetilpi 'LO be exhaust ive!  but r a t h e r  
t o  focus a t t e n t i o n  on CcrLaiiI t r e n d s ,  which seem of major importance 
:or f u t u r e  s t u d i e s  w i t h  par i ; icular  r e f e r e n c e  t o  unsolved problems. 
Consequently, only 3 miii&mum number of r e f e r e n c e s  a r e  c i t e d .  

II\TVEST I GAT IVE TECHNICS 

i n v e s t i g a t i o n  and u t l l i z a t i o n  o f  organic  e l e c t r o d e  p r o c e s s e s ,  include 
(1) t h r e e - e l e c t r o d e  c 9 n f i g u r a t i o n s ,  l a r g e l y  involving o p e r a t i o n a l  am- 
p l i f i e r  c o n t r o l  systcms , which have minimized t h e  problems a s s o c i a t e d  
with t h e  l a r g e  i R  drop i n  nmaqueaus s o l u t i o n s ,  ( 2 )  r e l i a b l e  i n d i c a t -  
ing  e l e c t r o d e s  based on g r a p h i t e ,  which have extended t h e  p o t e n t i a l  
range a v s i l a b l c  for studying e lec t rochcmica l  o x i d a t i o n s ,  ( 3 )  cycli.2 
voltanmetry f r  t h e  i d e n t i f l c a t i o n  of r e v e r s i b l e  redox couples  and 
Crequent l y  of e l e  c t r o a  c t i v c  in te rmedia tes  f ormed e i t h e r  chemically o r  
e l e c t r o l y t i c a l l y  ( r e c e n t  papers  an t h e  theory  of s t a t i o n a r y  e l e c t r o d e  
polarography by Shain,  Nicholson, e t  a l .  (1) may provide t h e  means 
for q u a n t i t a t i v e l y  rcsolvi i ig  t h e  e lec t rochemica l  and a s s o c i a t e d  chemi- 
c a l  s t e p s  i n  e l e c t r o d e  p r o c e s s e s ) ,  ( 4 )  a l t e r n a t i n g  c u r r e n t  polaro-  
graphy and tensarnnetrg, p a r t i c u l a r l y  for studying a d s o r p t i o n  pheno - 
mcna, and ( 5 )  the  use oi' o p t i c a l  and magnetic resonance spectrosco:lic 
t e c h n i c s  for ideht i f 'y ing e l e c t r o d e  r e a c t i o n  products  and intermedi- 
a t e s ,  e.g.,.(a) e l e c t r a n  s p i n  resonance t o  d e t e c t  t r a n s i t o r y  f r e e  
r a d i c a l  in te rmedia tes ,  ( b )  e l l ipsometry  t o  i n v e s t i g a t e  e l e c t r o d e  s u -  
face  phenomena inc luding  f i l m  formation,  ( c )  i n t e r n a l  r e f l e c t a n c e  
t e c h n i c s  t o  d e t e c t  and i d e n t i f y  e l e c t r o d e  r e a c t i o n  in te rmedia tes  i n  
t h e  s o l u t i o n - e l e c t r a d e  i n t e r f a c i - a 1  r e g i o n  during e l e c t r o l y s i s ,  ( d )  
o p t i c a l l y  t ransparent  e l e c t r o d e s  T o r  t h e  concurrent  examination of 
s o l u t i o n s  during e l e c t r o l y s i s  by absorp t ion  spectrophotometry or in-  
t e r n a l  r e f l e c t a n c e  spec t roscJpy ,  and ( e )  examination of luminescence 
phenomena which accompany the  e l e c t r o l y t i c  genera t ion  o f  c e r t a i n  f r e e  
r a d i c a l s .  

Developm,ents i n  t e c h n i c s  of p a r t i c u l a r  re levance f o r  t h e  fu ture  

E l e c t r o l y s i s  a t  c o n t r o l l e d  e l e c t r o d e  p o t e n t i a l ,  a l though by now 
a r e l a t i v e l y  o l d  t e c h n i c ,  i s  s t i l l  f r e q u e n t l y  e s s e n t i a l  i n  prepar ing  
s u f f i c i e n t l y  l a r g e  amounts of products  t o  permit t h e i r  i s o l a t i o n ,  
c h a r a c t e r i z a t i o n ,  i d e n t i f i c a t i o n  and de termina t ion .  

ROLE 09 THE CHEMICAL ENVIRQNMENT 
Since i t  i s  obviousl)  d i f f i c u l t  t o  e x p l a i n  s a t i s f ' a c t o r i l y  t h e  

course of  many e lec t rochemica l  processes  u n l e s s  t h e  r e l e v a n t  environ- 
ment i s  s u f f i c i e n t l y  wel l  c h a r a c t e r i z e d ,  considerable  a t t e n t i o n  ha,; 
been focused on t h e  locus  of t h e  e l e c t r o d e  r e a c t i o n  ( t h e . s o l u t i o n -  
e l e c t r o d e  i n t e r f a c e  c)r t h e  e l e c t r i c a l  double l a y e r ,  EDL) and on t h e  
r o l e  of t h e  t e s t  s o l u t i o n  camposition. 

The s t r u c t u r e  of the  EDL and i t s  r o l e  i n  e lec t rochemica l  k i n e t i c s  
and t h e r e f o r e  i n  aetermining the  p o t e n t i a l s  of i r r e v e r s i b l e  processes ,  
which inc lude  most organic  e l e c t r o d e  r e a c t i o n s ,  a r e  well  summarized 
i n  * lahay ' s  recent  book ( 2 ) .  
compounds, i n s u f f i c i e n t  a t t e n t i o n  i s  y e t  being g iven  t o  t h e  a c t u a l  
e f f e c t s  of a d s x p t i o n  3n the  e l e c t r o d e  and o f  t h e  p o t e n t i a l  v a r i a t i o n  

Unfortunately,  i n  t h e  case  o f  organic  



i n  t he  double l a y e r  a s  r evea led  b y  t h e  ex tens ive  s t u d i e s  by Frumkin, 
Parsons,  Mairanovsxil and o t h e r s .  There i s  l i t t l e  doubt but that ,  i n  
t h e  f u t u r e ,  t h e  d e i ' i n l t i o n  o f  . t h e  p o t e n t i a l  v a r i a t i o n  i n  t h e  EDL w i l l  
be a dominant f a c t o r  Li1 ob ta in ing  a more d e t a i l e d  p i c t u r e  of electrode 
p r o c e s s e s .  A t  p r e s e n t ,  t h e r e  i s  an unfor tuna te  tendency by some 
polarographers  t o  use p s i  and r e l a t e d  p o t e n t i a l s  a s  a deus ex machina 
i n  expla in ing  phenomenGs  beizig due t o  such poten t ia l -hc  
a c t u a l  values e i t h e r  a r e  not known or have been guessed A t  from other  
s t u d i e s ,  which may o r  may not be r e l e v a n t .  

a t i o n  between su r face  and volume r e a c t i o n s ,  e . g . ,  work of Mairanosvkii, 
and t h e  r e v i v a l  of i n t e r e s t  i n  t h e  c o r r e l a t i o n  of e l e c t r o c a p i l l a r y  and 

Related items include t h e  i n c r e a s i n g  i n t e r e s t  i n  t h e  d i f f e r e n t i -  

, c u r r e n t - p o t e n t i a l  c u r v e s .  

Nonaqueous Diedia . Current i n t e r e s t  i n  t he  e l ec t rochemis t ry  o f  
o rganic  c o m p o u n d m n o n a q u e o u s  media i s  due not on ly  t o  the  p r a c t i -  
c a l  f a c t o r s  of i nc reased  solvent  power and decreased s o l v o l y s i s ,  but 
a l s o  t o  t h e o r e t i c a l  c o n s i d e r a t i o n s ,  e . g .  :. medium e f f e c t s  on (1) mass 
t r a n s p o r t  through v i s c o s i t y  and s o l v a t i o n ,  and ( 2 )  t h e  p o t e n t i a l - r e -  
a c t i o n  r e l a t i o n s h i p  through i t s  p a r t i c i p a t i o n  d i r e c t l y  o r  v i a  derived 
s p e c i e s  i n  ( a )  t h e  priinary e lec t rochemica l  r e a c t i o n ;  ( b )  p o l a r i z a t i o n  
or' the  r e a c t a n t  molecules ,  ( c )  accompanying and intermediate  chemical 
r e ' ac t ions ,  inc luding  i o n - p a i r  formation, and ( d )  t h e  s t r u c t u r e  of the 
EEL. 

df I ; I ~ J o ~ ~  i!ii>,ulzLclnco I', L '  i ' i i  . . i . , ~ : '  I I : ~ ' ~ :  i - 1  H W ~ X ~ < ~ L I C O U S  ; ~ c d i i i  j.3 the 
e ' . L '  3bdtlishinent oi '  potent:'-al oca l c s  which w i i l  permit coi+i.elution of' 
da t a  obtained i n  aqu.eous aixi nonaqueous rnedi.2. The problems involved 
and time poss ib l e  s o l u t i o n s  have been explored by Kolthoi'f ( 3 )  i n  a 
r e c e n t  comprehensive paper. on polarography i n  organic  soivenTs . There 
i s  also a need for moi.e csreCu1 e l u c i d a t i o n  o f  the r e ' i c t i v i t y  o l  t h ?  
LO.' .Tent and i t a  poss:l 1.c par,'. . . ~ c l . l , , ~ ~ . i . o n  i r  e l c c t w d e  p rocesses ,  e .r;. : 
pyr iu ine  would i ' a c i l i L a t e  oIS~i;ariic oxiclatidnii ,  which involvc removal 
o f  p ro tons  and/or format ion  02 carSonlum i o n s ,  by a c t i n g  a s  a proton. 
accep to r  and a carbonium ion  s t a b i l i z e r .  B e t t e r  eva lua t ion  i s  des i r -  
a b l e  o f  t he  p u r i t y  o f  s o l v e n t s  i n  r e s p e c t  t o  t h e  e f f e c t  o f  small  a- 

. -  mounts of impuri ty ,  e s p e c i a l l y  su r face -ac t ive  agen t s  and water,  e .g., 
O . O l $  water i n  a t y p i c a l  solvent  corresponds t o  a 4 or 5 mM water so- 
l u t i o n .  The e f f e c t  o f  such r e s i d u a l  water i n  commonly overlooked ex- 
cep t  when the p r e s e n c e ' o f  a hydrogen ion  source i s  r equ i r ed  t o  com- 
p l e t e  a p o s t u l a t e d  r e a c t i o n  scheme. 

Proton P a r t i c i p a t i o n .  ;Ihile r a t i o n a l i z a t i o n  of t he  experi-  
m e n t a m a t i o n  o f  E wi th  pH has been q u i t e  wel l  done, t he  theo- 
r i e s  and equat ions de&%ed to r a t i o n a l i z e  such behavior have not been 
e n t i r e l y  s a t i s f a c t o r y ,  clue p r i m a r i l y  t o  (1) u n c e r t a i n t i e s  I n  t h e  a s -  
suinptions made and i n  t h e  terms used i n  t h e  equa t ions ,  (2)  l a c k  of 
s p e c i f i c i t y  i n  r e s p e c t  t o  t h e  phys ica l  p rocess  which the  equat ion  
aims t o  desc r ibe ,  and (3) u n c e r t a i n t i e s  i n  t h e  experimental  da t a  (4 )  - 
The na tu re  o f  pH-dependent processes  has been e l u c i d a t e d  by t h e i r  i n -  
v e s t i g a t i o n  i n  proton-poor s g l v e n t s ,  coupled wi th  t h e  c o n t r o l l e d  addi- 
t i o n  o f  pro ton  donors ,  e . g . ,  phenol.  A problem, which mer i t s  f u r t h e r  
i n v e s t i g a t i o n ,  i s  tha t  o f  t h e  r o l e  of  Lewis a c i d s  i n  f a c i l i t a t i n g  o r -  
ganic  r educ t ion  proce- -  o u e s .  

Background E l e c t r o l y t e .  The e f f e c t s  o f  background e l e c t r o l y t e  
and o t h e r  s o l u t i o n  components on t h e  observed e lec t rochemica l  behavior 
o f  zrganic  compounds a& f requen t ly  q u i t e  marked and involve,  among 



9 t h ~ r  Lei.1:~ acid-kzse aGilu.ct C q L i i i i t i ' i a ,  Loli-paii-i1ig, and charge- 
;) t r a n s f e r  c m p l e s  for;nati . jn,  ( 6 )  proton  i?ctivj.ty and c o n c ~ n t i ~ a t i o n a l  ' s t a b i l i t y ,  e .:. , bufl 'ering , and ( 7 )  Icinct.: c s  of  t h e  var i3us  e q u i l i b r i a  
; l i s t e d  a s  we l l  2 s  o f  o t h e r s  j.nvolvlng the  c l e c t r o a c t i v e  s p e c i e s ,  e . S . ,  
1 ;cs -'srination . from a inwe s t a b l e  s o l u t i o n  cmponent  . 11opeful1.y: 
, f u t u ~ e  s t u d i e s  w i l l  provide more deta-; lcd imdels  For t he  rat . i .snalizn-- 
' t l a n  of e l e c t r o l y t e  e f f e c t s .  
\ ELECTilOX REACTION DECHANISMS 

I Current concep t ims  of  t h e  mechanism of organic  e lec- t rode  pro- 
cesses  i:?.vc been r e c e n t l y  summarized by P e r r i n  ( 5 ) .  Descr ip t ions  ol' 

b, such processes  f r equen t ly  s t l l l  merely involve t h  l i s t i n g  of t h e  
p r Jduc t s  01' t he  clecti-ode r e a c t i o n  wi th ,  i n  some cases ,  more or l e s s  

1 specu la t ive  g s s t u l a t l o n  o f  in te rmedia tes  farmed during t h e  r e a c t i o n .  
) Cnly i n  a Tc:: cases  has t h e r e  been s u f f i c i e n t l y  d e t a i l e d  experioiental 
I ev.ldence t o  aLlow t h e  p o s t u l a t i o n  of  s t r u c t u r e s  f o r  t he  t r a n s i t i o n  

r ;Later; i n v j l v e d .  

\ 

On t h i s  b a s i s ,  one can p o s t u l a t e  t h e  gene ra l  mechanism, ou t l ined  
i n  ;pig. 1, involv ing  a gene ra l i zed  carbon r e a c t i o n  s i t e ,  R:X, where R 
i*cpreuenr;s t h e  r e a c t i v e  carbon cen te r  and X another  carbon, oxygen, 
: i i t rogen ,  halogen or o the r  atom. There may be more than  one bond bet-  
ween R and X ,  e . g . ,  i n  an  o l e f i n i c  or carbonyl group. (Elcctrochemi- 
cz? r educ t ion  i s  i l l u s t r a t e d ,  s ince  it has been much more ex tens ive ly  
s t ~ t c i :  e d than  e 1 e c t r a c heiiiica 1 ox i  da t ion  ; genera 11 y ana 1 ogou s p a t t e r n s  
can be farrnulated f o r  t h e  l a t t e r  . )  

I n  t h e  primary s t e p  of t he  e l e c t r o d e  p rocess ,  t he  r e a c t i o n  s i t e  
'h 12cep'ir; a s-ingle e1ecl;ron t o  form t h e  e l ec t rode  a c t i v a t e d  complex, 

vrkloh can then e i t h e r  r e v e r t  t o  t h e  o r l z i n a l  spec ie s  or d i s s o c i a t e  t o  
e;vc a f r e e  r a d i c a l  p recu r so r  and a n  an ion ic  spec ies ;  i f  a mul t ip l e  
bond was o r , i g ina l ly  p re sen t  between R and X, t hese  t w o  spec ie s  could 
Corn a s i n g l e  f r e e  r a d i c a l  an ion .  The exac t  na tu re  of  t h e s e  spec ie s  
w i l l  be modified by the  e x t e n t  3f p a r t i c i p a t i o n  of  p ro tons ,  so lven t  
molecules and o the r  s o l u t i o n  c o n s t i t u e n t s  or even t h e  e l e c t r o d e  su r -  
Tact ( p a r t i c i p a t i o n  of t h e  l a t t e r  spec ie s  i n  subsequent s t e p s ,  a l -  

l l n e S ( 6 ) k  organic  e l e c t r o d e  processes ,  which not  only r a t i o n a l i z e s  
1 :he Zencrs l  course o f  such processes  but also t h e  occas iona l  changes 
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though not e x p l i c i t l y  i n d i c a t e d ,  may be involved.)  

The f r e e  r a d c a l  p recu r so r  e i t h e r  immediately on formation can 
accep t  a second e l e c t r o n  and be reduced t o  3 carbanion o r  can e x i s t  
a s  a s t a b l e  f r e e  r a d i c a l  s p e c i e s .  The l a t t e r  can e i t h e r  dimerize o r ,  
a t  more negative p o t e n t i a l ,  be f u r t h e r  reduced t o  t h e  equivalent  of 
a carbanion. The charge on the  carbanion, formed by e i t h e r  p a t h ,  can 
be n e u t r a l i z e d  e i m e r  by acceptance o f  a p ro ton  from thd s o l u t i o n  o r  
by e l e c t r o n i c  rearrangement w i t h  t h e  charge being t r a n s f e r r e d  t o  
another  p a r t  of t h e  molecule where it can be s u i t a b l y  handled. 

Chemical r e a c t i o n s  preceding,  accotnpanying o r  following the  
cha rge - t r ans fe r  p r o c e s s  may - and o f t e n  do - p l a y  s i g n i f i c a n t  r o l e s  
i n  the  o v e r a l l  p r o c e s s ,  e .g., t h e  p o s s i b l y  profound’ e f f e c t  of the 
k i n e t i c s  o f  such r e a c t i o n s  upon t h e  observed polarographic  p a t t e r n .  

p a t t e r n  of f i v e  po la rograph ic  waves observed i n  the r educ t ion  of py-ri- 
,midine i n  aqueous s o l u t i o n .  A s  an example of a more d e t a i l e d  postula-  
t i o n  o f  an  organic  e l e c t r o d e  process  with r e s p e c t  t o  the  s i t e  a t  which 
e l e c t r o n  t r a n s f e r  occur s ,  t he  r educ t ion  of  a ketone i n  a c i d i c  s o l u t i o n ,  
which r e s u l t s  i n  two le waves ( I :  pN-dependent; 11: n e a r l y  pH-indepen- 
d e n t )  w i l l  be cons ide red .  

T i m e  will probably  not a l low d i s c u s s i o n  of  (1) s t r u c t u r e  i n  caus- 
i n g  s t e r l c  hindrance,  i n  t h e  s t e r i c  con t ro l  0 .C  .products,  and i n  s t e r e -  

organic  e l e c t r o d e  r e a c t i o n s  (2. e f f e c t  of adso rp t ion  o f  organic  com- 
pounds on t h e i r  e l e c t r o c h e n l c a l  k i n e t i c s ) .  

The r e a c t i o n  scheme o u t l i n e d  w i l l  be i l l u s t r a t e d  by t h e  complex, 

c c l e c t m d e  re:rc’ilons, ST’ ( 2 )  t h e  rc1stivel.y scan ty  moaoure- 
heterogenecxs r a t e  cvnstnnts  and timxjCer c o e f f i c l e n t s  f o r  

HALF-UAVE POTENTIAL CORRELATION , 

Cor re l a t ion  o f  p o l n r o ~ ; i - a p h i c  valuers w i t h  numerical s t r u c t u r -  
a l  and r e a c t i v i t y  c h a r a c t e r i s t i c s  i s  u s u a l l y  based on the p o s t u l a t i o n  
that, t h e .  c h a r a c , t e r i s t i c  E112 of  a compound i s  a func t ion  o f  e l ec t ron -  
d e n s i t y  and o t h e r  f a c t o r s ,  which, i n  t u r n ,  a r e  a l s o  r e l a t i v e l y  simply 
r e l a t e d  t o  some b i o l o g i c a l ,  phys i ca l  o r  chemical p rope r ty .  The f r e -  
quen t ly  r e s u l t i n g  l i n e a r  r e l a t i o n s h i p  between E1 2 f o r  a s e r i e s  of  
more or l e s s  c l o s e l y  r e l a t e d  compounds and a s u i i a b l y  s e l e c t e d  mathe- 
ma t i ca l  func t lon  o f  t h e  values  of  t h e  g iven  p rope r ty  f o r  t h a t  s e r i e s  
o f  compounds pe rmi t s  (1) p r e d i c t i o n  o f  t h e  magnitude of t h e  proper ty  
o f  a compound. from i t s  r e a d i l y  measured E1 and ( 2 )  t h e  r a p i d  compa- 

The l a rge  v a r i e t y  of experimental  and t h e o r e t i c a l  p r o p e r t i e s  and 
1/2 r a t i v e  eva lua t ion  of  a proper ty  based on d omparison of E va lues .  

phenomena, which have becn compared t o  po la rograph ica l ly  determined 
p o t e n t i a l  d a t a ,  include photoioni.zation p o t e n t i a l s ,  degree o f  carcino- 
g e n e s i s ,  Wavelengths of spectrophotometric abso rp t ion  maxima, a n t i -  
ox idant  a b i l i t y ,  quantum mechanically c a l c u l a t e d  parameters ,  and 
s t r u c t u r a l  summation c h a r a c t e r i s t i c s .  The bes t  known and most exten- 
s i v e l y  used c o r r e l a t i o n s  have involved va r ious  forms of  the  Hammett 
sigma-rho equat ion  based on ,polar s u b s t i t u e n t  q u a n t i t i e s  and t h e  Taft  
m i m i o n  ( c f .  rev iews  .by Zuman ( 7 )  and P e r r i n )  . 

l a r o g r a p h i c ’ d a t a  g e n e r a l l y  involve t h e  quantum mechanically ca l cu la t ed  
e n e r g i e s  s o r  adding a n  e l e c t r o n  t o  t h e  lowest empty M.O. o r  removing 
one from the  h ighes t  occupied M.O. A p r i o r i ,  t h e  optimum approach 
would seem t o  invo lve  t h e  use of  e lec t rochemica l  da t a  based on i n i t i a l  

- - 
Cor re l a t ions  of ‘molecular o r b i t a l  (M.O.) c a l c u l a t i o n s  wi th  po- 



l e  processes ,  s ince  the  ? i . a .  da ta  apply t o  such processes .  
lz processes  can be observed f o r  some organic  compounds i n  aqueous 
mzdia, i n  the  case o f  o t h e r  compounds. if ieaarernents i n  nonaqueous 
media a r e  necessary.  The v a l i d i t y  of t h i s  approach i s  shown by t h e  
work of S t r e i t w i e s e r  and oIUhers on the  c o r r e l a t i o n  of  p o t e n t i a l s  f o r  
t h e  oxida t ion  of organic  coinpounds i n  nonacueous media a t  plat inum 
e l e c i r o d e s  with a v a r i e t y  of  c a l c u l a t e d  values  based on 7 .O . theory  (cf. review by Zahrailnik and Parkanyi (4). 

APPLICABILITY OF O R G A N I C  dLZCTROCHEMISTRY 
F i n a l l y ,  re fe rence  should be made L O  some a p p l i c a t i o n s  based on 

t h e  s tudy  of organic  e lectrochemical  p r o c e s s e s ,  e .g.  , t h e  use of  po- 
larography i n  e l u c i d a t i n g  problems i n  organic  chemistry involv ing  
e q u i l i b r i a ,  r a t e s  and mechanisms, s y n t h e s i s  and s t r u c t u r e .  

The s tudy of in te racLions  i s  t y p i f i e d  by Peover 's  work on donor- 
acceptor  charge- t ransfer  complexes i n  nonaqueous media; t h e  formation 
or' in te rmedia te  spec ies  alas de tec ted  by polarography, which could not 
be picked up by spectrophocornetry . 

c a l  processes  i s  a provocat ive p o s s i b i l i t ) .  which i s  r e l a t e d  t o  t h e  
I'act t h a t  e l e c t r o l y t i c  oxidat  ions and reduct ions  occur under experi-  
mental condi t ions  resembling those  of  enzymatic and o t h e r  b i o l o g i c a l  
t ransformat ions .  Thus, t h e  e l e c t r o l y t i c  ox ida t ion  of  u r i c  a c i d  pro- 
ceeds by a mechanism analogous t o  t h a t  p o s t u l a t e d  for t h e  enzymatic 
oxida t  i o n .  

I ihi le  such 

The c o r r e l a t i o n  of t h e  mechanisms of  e lec t rochemica l  and b io logi -  

S y n t h e s i s .  The p o t e a t i a l i t i e s  of  p r e p a r a t i v e  organic  e lec tyo-  
chemistry a t  c o n t r o l l e d  p o t e n t i a l  have, b ~ ,  and l a r g e ,  not  y e t  been 
r e a l i z e d ,  being used commercially only f o r  che s n a l l - s c a l e  product ion 
of r e l a t i v e l y  c o s t l y  products .  The p r i n c i p a l  l i m i t a t i o n  has been t h e  
d i l ' f i c u l t y  o f  c o n t r o l l i n g  t h e  a p p l i e d  p o t e n t i a l ,  which g e n e r a l l y  has 
t o  be very l a r g e  becadsc 0; the  i R  drop encountered for t h e  apprecia-  
b l e  c u r r e n t  flow d e s i r a b l e  i n  a prepara;ive process .  

Frequent ly ,  it i s  p o s s i b l e  t o  conLrol t h e  p o t e n t i a l  by c o n t r o l  
o f  experimental  c m d i z i o n s ,  e l e c c r o l y s i s  process  and/or c u r r e n t  drawn. 
An outs tanding  example of t h i s  approach i s  t h e  work of Baizer  (g) ,  
who has e x t e n s i v e l y  i n v e s t i g a t e d  i n t e r -  and in t ramolecular  elecTro- 
l y t i c  reduct ive  coupling of u n s a t u r a t e d  spec ies  t o  produce a v a r i e t y  
of compounds, many of which a r e  not  r e a d i l y  a c c e s s i b l e  by more con- 
vent iona l  s y n t h e s i s .  A d i p o n i t r i l e ,  used i n  t h e  manufacture o f  nylon, 
i s  now being made commercially by t h e  e l e c t r o l y t i c  r e d u c t i v e  coupling 
of  a c r y l o n i t r i l e .  

An i n t e r e s t i n g  a p p l i c a t i o n  of e l e c c r o s p t h e s i s  i s  t h e  genera t ion  
2 ;  f r e e  r a d i c a l  s p e c i e s  for study by e l e c t r o n  s p i n  resonance.  

Fuel C e l l s .  A cons iderable  f r a c t i o n  of t h e  r e s e a r c h  a c t i v i t y  on 
f u e l  cells=ng t h e  p a s t  decade has  been focussed on t h e  e l e c t r o -  
chemical ox ida t ion  of  hydrocarbons a t  c a t a l y s t - t y p e  e l e c t r o d e s  with 
some a t t e n t i o n  t o  that o f  oxygenated compounds, e . g . ,  a l c o h o l s .  A l -  
though t h e r e  has  been considerable  p u b l i c a t i o n  of  mechanis t ic  s t u d i e s ,  
t h e  complexity o f  t h e  e l e c t r o d e  process  f o r  t h e  o x i d a t i o n  of even a s  
simple a hydrocarbon a s  propane t o  carbon dioxide and water  has  d e f i e d  
s a t i s f a c t o r y  r a t i o n a l i z a t i o n .  The e lec t rochemica l  r e a c t i o n s  of t h e  
hydrocarbon and immediate o x i d i z i b l e  organic  products  may be masked 
by t h e  e lec t rochemica l  ox ida t ion  of hydrogen s p l i t  o f f  from t h e  hydro- 
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carbon as a c t i v e  hydrozen JP i n  a refarnli; r e a c t i o n .  The na tu re  o r  
t h e  e l e c t r o 3 e  I s  s ~ c h  as  t~ f a v o r  a d s o r p ; i m  as  an e s s e n c i a l  f e a t u r e  
a f  ihe e1ectrochem;cal r e a c t i o n .  

Analysis .  The value of po larographic  ana r e l a t e d  methods f o r  or- 
ganic  a n a l y s i s  is  t o o  we11 lcnorrn t o  nierl t  d i scuss ion  except t o  r e f e r  
tJ the  determinat i  3 x s a n i c  compwnds a t  t r a c e  level ,s ,  e . g . ,  the 
a n a l y s i s  of mix tures  of maleic and fumaric a c i d s  a t  t he  10-7 g l eve l  
!q- t he  use of p u l s e  polarography. 
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R:X + 2 2 ( 5 0 ,  H+, e t c . )  = e l e c t r o d e  complex 

J 

Dimer E l e c t r o n i c  - 

rearrangement products  

3lg. 1. Generalized r e a c t i o n  mechanism i"or an  organic  e l e c t r o d e  r e -  
n c t i o n  ( R : X  r e p r e s e n t s  a gene ra l i zed  r e a c t i o n  s i t e ) .  
t o  be made i n  t h e  above formula t ion  for ( a )  t h e  p a r t i c i p a t i o n  o f  pro-  
t a n s ,  s o l v e n t ,  o t h e r  s o l u t i o n  c o n s t i t u e n t s  and t h e  e l e c t r o d e  surface 
In  va r ious  S teps ,  ( b )  t h e  presence  of  chemical r e a c t i o n s  preceding,  
accompanying and fo l lowing  cha rge - t r ans fe r  probesses ,  and ( c )  r e s u l t -  
In6  mad i f i ca t ion  of the s p e c i e s  shown. 
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